Since 2005 in Senegal, progress in reducing poverty has stagnated. Successive exogenous shocks and a slowdown in reforms have, in part, reduced average growth to 3.3%, a rate barely above that of population growth (2.5%). Exogenous shocks include floods, which have become recurrent in the country's major cities, but especially in the capital Dakar, where they remain an omnipresent reality. These floods, with heavy consequences sometimes even disastrous (damage and loss of human life), are one of the main reasons that push and/or keep poor households in a vicious circle of poverty. Indeed, thanks to the geographic information system implemented in this paper, the analysis of the spatial relationship between floods and poverty has made it possible to oppose the multidimensional and dimensional poverty rates of the department of Dakar, the least affected by floods, to those in Pikine, the most affected by the floods. It has also shown that the poorest populations in the region of Dakar are those affected by floods and are mainly located in the departments of Pikine, Guédiawaye and Rufisque. In Pikine, where floods were experienced in 2005, 2009 and 2011, multidimensional poverty rates crossed the 50% line while they are around 30% and 40% for Guédiawaye and Rufisque respectively. Multidimensional poverty rates derive primarily from indicators such as nutrition, level of education, cooking fuel and holding of assets.
Introduction
The main challenge of the millennium for development is the reduction of poverty in the world. For the developing countries in particular, this reduction of household survey, showed that 46.7 percent of the Senegalese populations live in households with incomes below the national poverty cutoff [2] .
Among the exogenous shocks suffered by Senegal, the floods have become a regular feature of the country's major cities, but especially in the capital Dakar, where they have remained a pervasive reality since 2005. Floods have the effect of keeping poor households in a vicious circle of poverty. The findings of the studies on the intergenerational impacts of shocks on household poverty in Senegal show that floods are among the main disasters that retain poor households in endemic poverty [3] . This is due to the fact that these households invest a large part of their resources in order to survive the shocks. Unfortunately, such strategies are neither sustainable nor effective. On the contrary, they only aggravate their vulnerability to future shocks. Moreover, poverty indicators (measured through the incidence, depth and severity of poverty) report poor performance in the peri-urban area of Dakar, which is often subject to flooding problems [4] .
The region of Dakar, which is the most affected by the floods (in terms of the recurrence, the extent of the damage and losses), accounts for the largest number of poor people in absolute terms. The national agency for statistics and demography estimates its poor household rate at 26.1 percent for a population of 3 137 196 inhabitants in 2013, nearly a quarter (23.2 percent) of the national population [5] . It is therefore legitimate to question a possible relationship between poverty and the floods noted in Dakar or whether poor people are more vulnerable to flooding. This paper presents an analysis of the multidimensional poverty suffered by the population of Dakar, particularly those exposed to floods. Indeed, we combine flood maps, representing the main flooded areas of Dakar in 2009 and 2011, with detailed data sets on health, education and the standard of living of individuals in order to detect a possible correlation between poverty levels and floods. And, unlike the studies that preceded it and for which poverty is measured by monetary indices, we focus on the multiple deprivations affecting the health, education and standard of living of the populations as well as on the geographical distribution of the poor population in Dakar. Thus, this work is articulated around three sections: the first is dedicated to the review of the literature, the second exposes the methodology used and the third discusses the empirical results. 
Literature Review
Over the past 30 years, floods have killed more than 500,000 people worldwide and resulted in economic losses of more than $500 billion [6] . It is therefore not surprising that authors are interested in the population and economic assets exposed to the risk of flooding.
Reference [7] presents an in-depth case study on floods, poverty and climate change in Vietnam and Ho Chi Minh City. In a country such as Vietnam, which is ranked among the five countries most affected by climate change, the authors examine in particular the exposure of the poor to the current flood risks and are years (with a probability of occurrence of 0.04), does not assume any protection.
And, under current socioeconomic conditions, climate change can expose 38 to 46 percent of the population, depending on the severity of sea-level rise. In addition, the results of their analysis at city level of Ho Chi Minh provide evidence that poor districts (68 -85 percent) are more exposed to floods.
Based on the findings of previous work, [8] suggest that shocks caused by natural hazards, particularly floods, are a major reason why people become poor and remain poor. Reference [9] show that the incidence of poverty increased by dramatically: 15,000 before the storm and 10,000 after [12] . Reference [8] argue that poor people are more vulnerable to natural disasters such as floods, as their incomes are more dependent on weather, their housing more conducive to health risks, and their assets less protected. The poor also have a lower capacity to adapt to shocks due to lower access to saving, borrowing or social protection.
Reference [13] analyzes the global exposure of poor and non-poor populations to floods and droughts under current climate conditions and to a series of future 
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Multidimensional Poverty Measure
The multidimensional poverty measurement methodology used in this paper is that proposed by [16] and [17] .
Index M0
The M 0 index belongs to the family of multidimensional poverty proposed by [16] and [17] . This index, also called adjusted staffing ratio, is an appropriate measure when one (or several) of the dimensions to be taken into account is (are) ordinal To identify the poor in the population, a two-step procedure is applied using two types of cutoffs: first, a dimensional poverty line is defined to determine whether or not a person is private in each dimension; secondly, a second multidimensional poverty line is chosen to identify those who should be considered poor.
Let z j the poverty cutoff (or deprivation) for the j dimension, and z the vector of poverty cutoffs. Let
In other words, the ij th entry of the matrix corresponds to the weight p j of the dimension j if the individual i is considered poor in this dimension, and 0 otherwise. ( )
An individual is considered poor in the multidimensional sense if the sum of his weighted privations c i is greater than k.
To aggregate the information of poor individuals in the population, we con- However, [16] and [17] do not specify dimensions, indicators, weights or cutoffs of the M 0 measure. The latter remains flexible and can be adapted to many contexts.
Multidimensional Poverty Index (MPI)
Reference [ The household does not have access to clean drinking water (according to the MDG guidelines) or clean water is more than 30 minutes walking from home.
5.56% Sanitation
The household's sanitation facility is not improved (according to the MDG guidelines) or it is improved but shared with other households.
5.56%
Cooking fuel The household cooks with dung, wood or charcoal.
Floor The household has dirt, sand or dung floor.
5.56% Assets
The household does not own more than one of: radio, TV, telephone, bike, motorbike or refrigerator and does not own a car or truck.
5.56%
Adapted by Alkire and Santos (2014) . Theoretical Economics Letters A. Cissé, P. Mendy of analysis, which is possible to do with the methodology of Alkire and Foster; 2) a comparison between age and sex groups, for example, is now possible. In our methodology, it is therefore important to note that a person will be considered private in the indicators of standard of living, if the household to which he belongs suffers deprivation in these indicators.
Considered indicators
It is well known that health is often the most difficult dimension to measure.
Reference [18] , whereas they are not (the nutritional status of the latter may be due to the type of body and no to poverty).
Due to the lack of consensus on health indicators and because data is a mandatory constraint, our two health indicators differ from those of [18] . In fact, in- In education, the number of years of schooling, used as a proxy variable for the level of education, is replaced by the latter since it is captured by the survey.
Regarding the age of schooling of children, we consider ages 7 to 12 because, in Senegal, the school officially starts at 7 years old. For the standard of living, the indicators remain unchanged and each person is assigned the characteristics of the household in which he lives. 
5.56% Sanitation
The household in which the person lives does not have improved sanitation (according to the MDG guidelines) or it is improved but shared with other households.
5.56%
Cooking fuel The household in which the person lives cooks with dung, wood or charcoal.
Floor The household in which the person lives has dirt, sand or dung floor. 5.56%
Assets
The household in which the person lives does not own more than one of: radio, TV, telephone, bike, motorbike or refrigerator and does not own a car or truck.
5.56%
Adapted by the authors.
Results

Presentation of the Database
The database used in this paper comes from the poverty monitoring survey in On these individuals, ESPS collected information on individual characteristics such as age, sex, ethnicity, religion, marital status and so on. It also found information on the level of education, the current attendance of the school (especially for children), cohabitation with a disability preventing the interviewee from having a sustained activity or attending normal schooling or even work 40 hours a week. At the level of the households in which the interviewees live we collected, among other variables, the type of toilet, the main source of drinking water, the main source of fuel for cooking, access to electricity, the main soil material and the holding of assets.
Empirical Results
Given the dimensions, indicators, weights and cutoffs retained (Table 2) (Table 3) .
At the same time, 46.1% of people over the age of 12 have lower levels of education than primary school and, as a result, are deprived according to this indicator. However, there is hope for a significant drop in this rate for the years to come, since in 2011 the percentage of children of school age who did not attend school was estimated at 0.2%. And more, we note that the percentage of children The tap water of households is considered clean drinking water. 8 Only sewers, flush toilets and latrines covered are considered to meet the criteria for adequate sanitation. With regard to the department of Rufisque and depending on whether we are in urban or rural areas, we observed fairly contradictory levels of poverty (1.3%
for the less poor census district compared to 44.4% for the poorest in the multidimensional sense). Indeed, in Sangalkam (1.3% and 3.3%), Jaxaay (2.1% and 2.3%) and Yene (3.8% and 4.2%), all non-flooded and rural-type, population have no great difficulty to meet their food needs (often expressed in number of meals).
And, all things being equal elsewhere, the very low levels of poverty in these areas can be explained by the null scores of the nutrition indicator (strongly correlated with the multidimensional poverty rate (87.4%)). For urban-type districts, floods are noted in both 2009 and 2011, and as a result poverty rates remain close to those of Pikine. This is the case, for example Nord Rufisque (44.4% and 43.4%), Est Rufisque (44.3%) and Bargny (43% and 38.8%) ( Figure 5 ).
Conclusions
Thanks in Rufisque (Table 3) . Poverty rates derive from dimensional rates such as nutri- Guédiawaye often correspond to lowlands and natural water reserves.
However, it should be noted that this work was not done without major constraints. The administrative divisions, constantly changing, have made it often difficult to correctly identify district municipalities and therefore to locate certain districts between Pikine and Guédiawaye. In Rufisque, only three district municipalities have been demarcated and some districts, supposed to be in the department, even come out of the administrative boundaries of the region. In addition, the Calculation of authors.
